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Introduction 


Exposure  therapy,  a  fear  extinction  based  treatment,  has  been  shown  to  be  effective  in  treating 
post  traumatic  stress  disorder  (PTSD).  Exposure-based  therapies  require  substantial  time  and 
investment  for  both  the  patient  and  provider,  averaging  10  sessions  or  more  of  approximately  1  h 
each  to  achieve  significant  beneficial  effects.  Thus,  treatments  that  enhance  the  efficacy  of  extinction 
therapies  and  reduce  the  number  of  required  sessions  for  remission  would  be  of  great  benefit. 

Ideally,  such  therapy  strategies  may  reduce  the  need  for  long  term  medication.  This  proposal  uses  a 
preclinical  animal  model  of  fear  learning  and  extinction  (fear  potentiated  startle)  to  test  the  efficacy  of 
two  novel  compounds  that  enhance  glutamate  signaling.  Previous  reports  indicate  that  the  partial 
glutamate  receptor  agonist  D-cycloserine  (DCS)  has  been  shown  to  facilitate  animal  models  of 
extinction  which  has  translated  into  recent  clinical  reports  of  efficacy  in  anxiety  disorders  when 
administered  during  extinction  based  psychotherapies.  DCS  however,  has  been  shown  to  have  some 
limitations  in  both  dosing  and  efficacy  in  some  circumstances  however  (Norberg,  Krystal,  &  Tolin, 
2008).  Here  we  will  examine  the  efficacy  of  glycine  transporter  (GLYT 1 )  inhibition  and  postitive 
alloseric  modulation  of  AMPA  receptors  in  facilitation  fear  extinction.  GLYT1  inhibitors  are  reported  to 
show  significantly  greater  enhancement  of  glutamate  signaling  compared  to  DCS  (Sur  and  Kinney, 
2007),  as  well  as  facilitate  glutamate  transmission  in  limbic  regions  that  modulate  emotional 
processes.  We  will  examine  the  efficacy  of  treatment  with  a  glycine  transporter  inhibitor  during 
extinction  training  to  enhance  fear  extinction  retention  and  reduce  fear  reinstatement  in  mice.  We  will 
also  examine  CX546,  an  “ampakine”  in  the  class  of  AMPA  receptor  positive  allosteric  modulators, 
which  enhances  molecular  markers  of  learning  in  the  cortex  and  hippocampus  (e.g.  long  term 
potentiation)  and  enhance  learning  in  rodents  and  humans  (Arai  and  Kessler,  2007).  These  studies 
will  provide  information  either  in  support  or  against  further  research  of  these  compounds  to  increase 
fear  extinction.  Over  this  reporting  period  we  have  validated  the  animal  model  used  to  detect 
glutamate  signaling  using  the  positive  control  DCS,  as  well  as  tested  the  glycine  transporter  inhibitor 
Org-24598. 


3 


Main  Body 


The  objective  of  this  proposal  is  to  test  the  efficacy  of  two  novel  classes  of  glutamate  system 
enhancing  compounds,  ampakines  and  glycine  transporter  inhibitors,  to  facilitate  fear 
extinction  learning.  Rationale:  Rothbaum  and  Davis  (2003)  describe  PTSD  as  a  disorder 
characterized  by  a  “failure  of  fear  extinction  after  trauma”.  In  animals  and  humans,  a  conditioned  fear 
association  occurs  when  a  conditioned  stimulus  (CS)  and  an  aversive  unconditioned  stimulus  (US) 
are  presented  in  close  temporal  proximity.  Thus  the  subject  learns  that  the  CS  “predicts”  the 
occurrence  of  the  US.  In  the  case  of  PTSD,  environmental  cues  during  trauma  are  associated  with 
the  pain  and  fear  of  the  traumatic  event,  and  these  cues  continue  to  evoke  strong  fear  reactions  long 
after  the  initial  trauma  has  receded.  In  the  laboratory  this  phenomenon  is  modeled  in  humans  and 
animals  by  pairing  a  tone  or  light  with  noxious  stimuli  such  as  an  electrical  shock.  Once  the 
association  between  the  CS  and  US  has  been  learned,  the  presentation  of  the  CS  alone  will  invoke  a 
conditioned  fear  response  (e.g.  autonomic  activation,  exaggerated  startle  response,  avoidance 
behavior).  The  phenomenon  of  fear  extinction  occurs  when  the  learned  CS  is  then  presented  without 
the  occurrence  of  the  US,  hence  the  subject  learns  that  the  CS  no  longer  predicts  the  presence  of  the 
US  and  subsequent  fear  responses  to  the  CS  are  inhibited.  It  is  this  phenomenon  that  is 
hypothesized  to  be  disrupted  in  PTSD  patients,  which  continue  to  show  pronounced  signs  of  anxiety, 
avoidance,  and  arousal  in  response  to  trauma  reminders.  Preclinical  studies  have  demonstrated  that 
glutamate  transmission  in  the  amygdala  is  necessary  for  fear  extinction,  as  measured  by  extinction  of 
fear  potentiated  startle  (FPS;  (for  review  see  Myers  and  Davis  2006)).  Furthermore,  DCS,  a  partial 
NMDA  receptor  agonist  acting  on  the  glycine  modulator  site,  significantly  enhances  fear  extinction. 
Compared  to  controls,  rats  treated  with  d-cycloserine  during  fear  extinction  training  show  (1 )  greater 
reductions  in  fear  post  training,  (2)  generalized  inhibition  of  other  conditioned  fear  cues  and  (3)  more 
resilient  fear  extinction  when  exposed  to  subsequent  trauma  (e.g.  foot  shock  reinstatement).  These 
studies  have  recently  been  translated  into  the  clinic  in  two  phobia  populations,  acrophobia  and  social 
phobia,  who  received  DCS  treatment  during  a  type  of  extinction  training  (Norberg  et  al.  2008).  DCS 
treatment  significantly  enhanced  the  extinction  therapy  effects  on  measures  of  phobia-specific  and 
generalized  anxiety  compared  to  placebo  treatment.  For  example,  those  taking  DCS  during  therapy 
exhibited  greater  general  improvement  of  anxiety  symptoms,  increased  self  exposure  to  CSs  outside 
of  therapy,  and  reduced  autonomic  measures  of  fear  during  CS  presentation.  These  studies  indicate 
that  enhancement  of  glutamatergic  transmission  improves  fear  extinction  in  both  animals  and  humans 
(for  review  see  Myers  and  Davis  2006). 

Hypothesis:  Ligands  that  enhance  glutamate  transmission  facilitate  fear  extinction  (fear 
extinction)  learning.  To  test  our  hypothesis,  we  proposed  to  examine  the  effects  of  2  glutamate 
signaling  enhancing  drugs,  a  glycine  transporter  inhibitor  (Org-24598)  and  a  positive  modulator  of 
AMPA  receptor  activity  (CX546)  in  ability  to  enhance  fear  extinction  learning  as  measured  by 
enhanced  extinction  of  fear  potentiated  startle  (FPS)  in  mice. 

FPS:  To  assess  the  effects  of  these  compounds  on  fear  extinction,  we  used  the  FPS  model  of  fear 
conditioning  and  extinction  in  rodents  (Risbrough  et  al  2003).  This  assay  has  construct,  face,  and 
predictive  validity  for  fear  learning  processes  in  humans.  When  rodents  are  presented  with  a  CS 
previously  paired  with  a  shock  US,  acoustic  startle  responding  is  exaggerated  compared  to  baseline 
(i.e.  fear -potentiated  startle).  After  initial  fear  learning,  if  rodents  are  subsequently  presented  with  the 
CS  without  the  US,  they  slowly  extinguish  the  conditioned  fear  response  to  the  CS.  Thus,  after  fear 
extinction  training,  FPS  is  reduced.  Hence  FPS  levels  post  extinction  learning  can  be  used  as  a 
measure  of  fear  extinction. 

1 .  Model  validation:  Prove  that  the  assay  being  used  to  detect  efficacy  of  glutamate  signaling 
in  fear  extinction  is  sensitive  to  the  positive  control  compound,  D-cycloserine. 

Expt.1 .  Rationale:  To  test  these  compounds  in  their  ability  to  enhance  fear  extinction  we  first 
examined  the  sensitivity  of  our  mouse  fear  potentiated  startle  extinction  assay  to  detect  efficacy  of 
glutamate  signaling  enhancers,  using  DCS.  Although  these  studies  were  not  expressly  delineated  in 
the  SOW,  we  had  concerns  that  if  we  saw  negative  effects  of  the  novel  compounds  tested,  we  would 
not  be  sure  if  it  was  due  to  a  problem  with  the  assay  to  detect  positive  efficacy  in  facilitating  fear 
extinction.  Thus  we  added  DCS  as  a  positive  control  in  our  initial  studies.  We  used  DCS  as  our 
positive  control  as  it  has  proven  efficacy  in  human  studies  of  fear  extinction  therapy  across  a  wide 
number  of  anxiety  disorders  (Norberg  et  al.  2008).  We  first  wanted  to  be  sure  that  our  model  detects 
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Figure  1.  DCS  treatment  has  no 
effect  on  FPS  extinction  in  mice. 


this  positive  control,  supporting  the  use  of  the  assay  to  measure  efficacy  of  novel  compounds  to 
increase  extinction.  We  had  proposed  to  use  the  mouse  model  of  fear  potentiated  startle  to  examine 
the  efficacy  of  glutamate  enhancing  ligands  to  increase  fear 
extinction.  Mice  were  trained  over  2  days  to  associate  a  tone 
CS  (4  kHz,  30  s)  with  a  mild  footshock  (0.4  mA,  10  training 
trials/day).  After  associative  learning,  mice  were  tested  for 
learned  fear  of  the  tone  CS  by  comparing  their  startle 
reactivity  with  and  without  the  cue  present  (100-1 10  dB  pulses 
with  and  without  the  presence  of  the  tone  CS,  30-120  sec 
intertrial  interval,  12  trials  of  each  type).  Mice  that  exhibited 
significant  learning  of  the  cue  (showed  higher  startle  reactivity 
in  the  presence  of  the  cue  compared  to  when  the  cue  was  not 
present)  went  on  to  the  extinction  training  day.  For  extinction 
training,  mice  were  presented  with  30  cue  trials  without  a 
shock.  Thirty  min  before  extinction  training  mice  were  treated 
with  vehicle  or  DCS  (1-30  mg/kg,  i.p.).  Twenty  four  hours 
later,  mice  were  tested  for  FPS.  DCS  treatment  had  no  effect 
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Figure  2.  DCS  facilitates  fear  extinction  of  FPS 
in  rats.  Left  panel:  Fear  potentiated  startle 
before  extinction  testing,  drug  groups  were 
matched  for  FPS  levels  before  drug 
administration  to  ensure  no  basleline 
differences  in  fear  memory.  Right  panel:  DCS 
was  administered  during  extinction  training, 
and  FPS  was  tested  24  hours  later.  Main 
effect  of  drug  F(2,27)=4.46,  p<0.05.  *p<0.05 
vs.  vehicle,  Tukey  post  hoc  test. 


on  fear  extinction  in  mice  (Figure  1 ).  Further  studies 
using  different  parameters  and  doe  ranges  were 
unsuccessful  (data  not  shown).  Indeed,  in  some 
experiments  we  found  DCS  treatment  decreased  fear 
extinction  (e.g.  interrupted  extinction  learning  resulting  in 
higher  fear;  data  not  shown).  We  attempted  4  variations 
of  the  mouse  fear  potentiated  startle  assay  as  well  as 
used  alternate  methods  to  examine  fear  learning 
(freezing  instead  of  acoustic  startle)  to  detect  a  DCS 
effect  of  fear  extinction,  but  were  unsuccessful  in 
detecting  a  positive  effect.  Because  we  could  not 
develop  an  assay  that  was  sensitive  to  the  positive 
controls,  DCS,  we  decided  to  establish  the  rat  model  of 
FPS  in  the  laboratory  which  has  been  reported  by 
others  to  be  sensitive  to  DCS  of  fear  extinction  (Walker 
et  al.  2002).  Using  the  same  protocol  as  reported  by 
(Walker  &  Davis,  2002),  we  found  that  DCS  treatment 
during  extinction  training  in  rats  significantly  increased 
the  amount  of  fear  extinction  (Figure  2)  measured  24 
hours  after  drug  treatment.  Hence  the  rat  FPS  assay 
was  deemed  suitable  for  use  to  examine  the  effects  of 
novel  glutamate  signaling  enhancers  on  fear  extinction. 


2.  Test  the  hypothesis  that  fear  extinction  is 
enhanced  by  glycine  transporter  1  inhibition. 

A.  Test  the  hypothesis  that  Orq-24598  induces 
facilitation  of  extinction  training.  The  glycine 
transporter  inhibitor  Org-24598  has  been  shown  to 
induce  increased  glycine  signaling  in  the  forebrain 
(see  Appendix  A)  at  a  dose  of  10  mg/kg.  Based  on 
this  information  our  first  study  was  to  investigate  the 
effects  of  3  and  10  mg/kg  treatment  60  min  before 
extinction  training.  As  shown  in  Figure  3,  we  found  a 
significant  effect  of  Org-24598  treatment  to  enhance 
fear  extinction  in  rats.  Following  this  positive  effect  we 
then  conducted  an  experiment  to  examine  if  Org- 
24598  treatment  is  as  effective  using  fewer  training 
trials.  Studies  in  humans  indicate  that  DCS  effects  to 
enhance  extinction  are  critically  dependent  on  the 
number  of  training  trials  given  while  under  DCS 
treatment,  for  example  too  few  trials  during  treatment 
will  render  DCS  ineffective  (Norberg  et  al.  2008).  Cur 
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Figure  3.  Org-24598  dose  dependently 
facilitates  fear  extinction.  Main  effect  of  drug 
(2,26)=4.14,  p<0.05,  *p<0.05  vs.  Vehicle, 
Tukey’s  post  hoc  test. 


initial  studies  were  using  30  training  trials  over  1  day.  To  examine  if  Org-24598  was  as  effective 
using  fewer  trials,  we  tested  the  ability  of  10  mg/kg  Org-24598  to  facilitate  extinction  learning  using  20 
trials.  We  found  a  non-significant  reduction  in  %FPS  with  20  extinction  training  trials  compared  to 

vehicle  (Mean+/-SEM  %FPS:  Vehicle=74+/-31 ,  Org- 


24598=56+/-18,  F(1 ,20)  <1 ,  N.S.).  We  are  currently 
examining  the  efficacy  of  higher  doses  (10-30  mg/kg)  to 
facilitate  extinction  using  fewer  extinction  trials  (20 
trials). 


initial  testing  of  extinction  facilitation  (see  Figure  2 
above)  we  retested  the  rats  in  FPS  to  examine  if  the 
effects  of  Org-24598  remained.  We  found  that  all  rats, 
regardless  of  treatment,  exhibited  full  extinction  of  FPS 
(Figure  4).  This  full  extinction  of  even  the  vehicle 


vehicle  3  io  treated  group  is  likely  due  to  continued  extinction 
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learning  during  the  FPS  tests  given  after  extinction 


_  training.  However,  these  results  are  promising  in  that 

Figure  4.  Fear  extinction  is  stable  7  days  post-  they  indicate  that  Org-24598  treated  rats  also  continued 
extinction  training  across  treatment  groups.  to  exhibit  extinction  7  days  after  treatment. 


C.  Test  the  hypothesis  that  Org-24598  treatment  blocks  fear-reinstatement.  Rationale:  Another 
question  in  developing  fear  extinction-enhancing  drugs  for  PTSD  is  if  the  drug  can  also  provide 
greater  protection  against  reinstatement  of  the  fear  responses.  This  application  may  be  most 
important  for  those  suffering  PTSD  from  trauma  that  may  happen  again,  for  example  in  those  in  the 
military  that  are  exposed  to  combat  stress  repeated  times  over  the  course  of  their  active  duty.  A 
separate  group  of  animals  were  treated  with  Org-24598  during  extinction  training  (3  and  10  mg/kg). 
Seven  days  later,  rats  were  exposed  to  a  reinstatement  session.  This  session  consists  of  an  initial 
block  of  24  startle  trials,  half  with  the  cue  present  (cue  trials)  and  the  other  half  without  (no  cue  trials). 
As  can  be  seen  in  Figure  5,  rats  showed  no  FPS  across  groups,  indicating  fear  extinction  had 
occurred.  After  this  block,  rats  were  presented  with  1  US  (0.6  mA)  to  reinstate  fear  of  the  cue.  After 
the  shock  presentation  a  second  block  of  cue  and  no  cue  startle  trials  was  presented.  The 
presentation  of  the  US  increased  startle  responding  during  the  cue  compared  to  testing  before  the  US 
(Cue  X  shock  interaction:  F(2,27)=4.02,  p=0.055).  There  was  no  significant  effect  of  Org-24598 
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Figure  5.  Fear  re-instatement  in  rats  treated 
with  Orq-24598  durina  extinction  trainina. 


treatment  to  block  this  effect.  However,  as  shown  in 
Figure  5,  there  was  a  significant  increase  in  overall 
startle  after  shock  across  groups.  This  result  may  be 
due  to  significant  contextual  fear  learning  occurring 
from  the  presentation  of  the  US  in  the  shock 
chambers,  which  may  confound  interpretation  of 
reinstatement  in  this  task.  Thus,  we  would  like  to 
repeat  this  study  but  present  the  US  outside  of  the 
startle  testing  chamber.  Hence  FPS  will  be  measured 
before  shock  to  ensure  all  extinction  has  occurred 
(Pre-shock),  the  rats  will  be  removed  from  the 
chambers  and  given  a  footshock  (0.6  mA)  in  a  San 
Diego  Instruments  Freeze  monitor  chamber  (San 
Diego  Instruments,  San  Diego  CA)  and  then 
immediately  replaced  into  the  startle  chambers  to 
examine  what  reinstatement  has  occurred.  We  will 
also  increase  our  Org-24598  doses  to  include  a  30 
mg/kg  dose,  in  case  a  higher  dose  is  required  during 
extinction  training  to  fully  block  subsequent 
reinstatement  effects. 
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Key  Research  Accomplishments 

•  Successful  validation  of  our  pre-clinical  model  of  fear  extinction,  finding  that  it  is  sensitive  to 
the  effects  of  DCS,  a  proven  compound  that  facilitates  fear  extinction  in  humans.  This  finding 
is  critical  to  the  interpretation  of  our  future  findings  using  novel  compounds  in  this  protocol. 

•  Using  our  model,  we  found  that  the  glycine  transporter  inhibitor  Org-24598  shows  dose 
dependent  facilitation  of  extinction  learning.  Preliminary  data  indicate  that  extinction  is 
retained  with  re-testing.  It  does  not  appear  to  block  re-instatement,  however  further  testing  is 
required  using  higher  doses  to  conclude  if  there  is  or  is  not  efficacy  in  this  task. 

Reportable  Outcomes 

•  These  findings  will  be  presented  at  the  Military  Health  Research  Forum  (MHRF)  in  September, 
2009. 

Conclusions 

Our  assay  is  effective  in  examining  facilitation  of  extinction.  Thus  far  we  have  shown  that  Org-24598 
is  effective  in  facilitation  extinction,  however  further  study  is  required  to  confirm  that  fewer  training 
trials  are  required  for  full  extinction  in  Org-24598  rats  compared  to  vehicle.  Doses  that  are  effective  in 
facilitating  extinction  do  not  appear  to  block  re-instatement,  however  higher  doses  may  be  needed  to 
see  such  a  dual  effect.  The  second  period  of  this  grant  will  also  conduct  similar  experiments  using 
the  AMPAkine  CX546  to  examine  if  allosteric  modulation  of  AMPA  receptors  may  also  be  a  viable 
target  for  adjunctive  treatments  with  extinction  therapies.  The  implications  of  the  research  so  far 
support  the  potential  use  of  Org-24598  treatment  for  extinction  therapies  in  humans. 
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Appendix  A 


Effect  of  Org  24598  on  Glycine  Levels  in  Brain  Regions  of  Freely  Moving  Rats 

Jian  Ge,  William  Hamilton,  Iain  Collie,  Mohammed  Shahid,  David  Hill,  Adrian  Mason*  and  Glenn  Walker 
Department  of  Pharmacology,  Organon  Laboratories  Ltd.,  Newhouse  ,  Lanarkshire,  MLl  5SH,  UK  . 


68.2 


Introduction 

The  uptake  cf  dyone  rtopresynsptic  nerve  tenrmas 
cr  the  neigttKnngfne  gka  pcogeees  may  constitute 
an  effiaert  mecbansni  t>y  when  me  pcasynapoc 
aaxri cf  glycr# can he ttrmnrtsd  Tr»spfooe®« 
presumed  to  be  earned  at  by  two  dfflorort  dyan# 
transporters,  G»yT-1  ard  GlyT-2.  wtachbelcngtoiho 
No’-  and cr  -dopordort  neurctransmcor  fiarspoter 
suporlamiy  Tho  GlyT-1  has  a  wide  dxbxoi 
(hroupcu  me  CftS  ard  ttree  iscfcrmx  GtyT-1*  b. 
c.  have  been  iterated  Some  eeterce  has  mown 
that  the  GlyT-1  may  assioate  with  fAO  A  reoeptcra 
whereas  the  GilyT-2  may  associate  w«h  the  aythnne 
serocive  glyane  receptos  T  re  pre^r<  study  nvw- 
ngseers  the  streets  d  Org  3*598  a  selective  GtyT-1 
irttbccr.  on  ammo  Kid  levels  in  dfferort  bran 
r  opens  cf  body  mowng  rat*  uang  tho  rrecrodafyw 
techno* 


Methods 

Male  rats  (Wflar.  250300  g.  Harlan)  war*  anm 
thefoed  with  a  nurture  (i  1)  cf  Hypnam  and 
Hypnovd  A  15  rtitn  long  gute  carraja  was  se 
rectfeicsly  inserted  At  leas  24  r.  after  st€r«ta»c 
insertion  cf  the  guide  csrmj  a  rats  were  immobased 
and  a  cusl  cm- boll  rrecrcxJiafyas  prctie  (4  mm  *NCO 
dialyss  membrane)  was  gerby  rooted  into  the 
hppocampos  (final  rmcrodalyas  prebe  location, 
mm.  A-4  5  V-79.  L-4  9).  frontal  certe*  (Tmaf  mao 
dialysis  prebo location,  mm.  A.3 5  V-5S,  L-1 5) cr 
Stnalim  (final  maodatyws  probo  tocarcn  mm. 
A*0  8  v*6  8,  L-2  5)  Each  anmal  was  ptKOd  m  a 
snctePwspexaramalcagewim  free  access  to  fbod 
and  water  The  probe  was  perfused  w«h  artfoai 
cerebrospinal  flud  (aCSF.  m M  NaCl  1266  KCI 
240  KHjPCU  049.  MgClj  1  28.  CaCl2  1  10 
NtffCOj  2740,  N^PO,  048,  gluccee  7  1C(  r«tial 
pH  74)»20*Mnm 

Crg  2*596  was  asset  red  n  ocher  »CSF  and  gwn 
locally  (0 1  •  100  *M )  or  satno  and  oven  penphe 
raMy  (10  mgAg.  i  p )  Daiyaate  ammo  acid  tovats 
wore  (juaratied  mmedutoly  by  high  performance 
liqud  crromaiography  coupiod  to  a  hoaoeoenoe 
detecta 


(A)  hippocampus 


(B)  Frontal  Cortex 


Figue  1  Ettea  d  local  admnstraben  cf  Org 
24506(01  •  100eM)  to  modJate  Ihe  glycine  leveb 
in  (A)  nppccampua  (B)  frontal  ootex  and  (C)  ana- 
turn  d  freely  motng  rats  The  glyane  levels  are 
expressed  as  a  percertage  cf  the  levels  at  80  mm 
d  mensuemerts  The  hcrijcrtal  twrs  represent 
application  a  me  drugs  Data  represent  the  mean 
i  sem,  n*3-5 


(A)  hippocampus 


Summary  of  Results 

•  Tr*  total  m*wis  or  gryemo  ****  633*  7  7. 83  3  »  6  5 
and  78  9 . 9  3  tnvo»«  *j  4ayuf*>.  in  Nppocampjs.  fterfal 
cortwi  and  ttnUixn,  r«tp*<nv«ty 

•  The  base-  and  Org  24598-»>d*«d  noeatot  n  Oyxr* 
Mt*H  are  rooMAvo  to  Mrodoloun  (S  0  nM) 

•  Loc*  appacalwn  cr  Org  24996  (0  I  -  too  |1M)  concan- 
tanooiMtMrowityrKiwaiMiihogycrwMvcoby?--*)  X 
in  hppo«rr*Kis,  20  -  00  X  in  frontal  <ort«  and  13  -  70  X 
mUnMjrr, 

•  Syslmvc  MiwiiMMa  ot  Org  24998  (10  mgrig.  ip  ) 
murrey  nruiM  in*  Tyorw  re»«l»  by  50  X  to  200  X 
*bo»»  IS*  tout  t*»«*i  ri  hpeocampcii.  frontal  codex  and 
Urea  cm 


(B)  Frontal  Cortex 


(C)  Striatum 


O  '**•*  . 


Figure  2  Ettea  d  systemic  admrstraecn  cl  Org 
245196  10mg*g.ip  tomodutaethejfyanelevets 
in  (A)  hppocampuei  ©)  frcrtai  ccnex  era  (C)  stne 
tun  cl  freely  monng  rets  The  glyane  levers  are 
eopreeted  as  a  percentage  d  me  levels  el  80  mm 
i  iMaummn  dm  nimm  m  imh  • 

sem,  n=4-5 


•  re*4fwr  kxai  not  vyUwnK  adrwvsnalion  of  Org  24996 
mcouetwi  m*  wv*H  or  om*r  arreno  aodi  wen  »i  atpan 
Oto.  diiamato.  wrw  aigcmo.  inrsonno.  aiaruna.  tai>V4 
and  GABA  m  ihoso  tram  ar«ai 


Figured  Effect d tatrodctoian (5 OaM  TTX,  adm- 
rxstered  ea  the  rn«aoOaiy3S  prebe)  cn  Crg  31596 
(0 1  100  eMyirxXjoed  increoooo  m  glyone  levgls 
m  striatum  cr  freely  moving  ras  The  glyone  levers 
are  oxpreseed  as  a  p4rcerrage  cf  the  levots  at  80 
min  cf  meea/emeots  The  hen  rental  bars  repre¬ 
sent  appkcancn  cf  me  drugs  Data  roproewnt  the 
meeni  sem.  re3-5 

Discussion 

•  Crg  34598  eaecsvdv  ncreesee  (fyane  levels  in 
vanexjs  bran  ropers  d  frerly  mewrg  rats  by  rht»- 
fieri  cf  me  GlyT-1  transporter  (Wafcer  et  at  This 
rnootmg  683.  1990) 

•  The  gfyone  meeared  m  me  present  study  are 
less  tkoly  to  be  nourcnol  in  cngn(TTK-insons4iv«) 
but  mere  Hay  to  be  derived  frem  ether  oempo- 
nerts  such  as  glial  cells  (Zsfra  et  at .  Eur  J 
Neuroeo  7. 1342  1995) 

•  The  Crg  2459&*nducad  mere—  in  glyane  may 
subsequertiy  nt tract  with  the  NMDA  recectas  to 
produce  vaios  phyocfcgcal  ond  charmocciogical 
effects  (eg  Smith  et  al .  Neuron,  a  927.  1992) 


In  Vitro  Characterisation  of  Org  24598,  a  Selective  Glycine  Uptake  Inhibitor. 

Glenn  Walker,  John  Morrow,  William  Hamilton,  John  Bruin,  Mohammed  Shahid,  Nico  Stam*  and  David  Hill; 
Department  of  Pharmacology,  Organon  Laboratories  Ltd.,  Newhouse  ,  Lanarkshire,  MLl  5SH,  UK 
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Introduction 


1.  lnh*>Hlon  of  phfj-glycln*  Uptake  2.  Binding  to  Glycine  Receptors 


Alteration  cf  glycine  levels  n  tho  mamma* sn  cereal 
naveus  syston  may  r41u«noe  irfxMcry  activity 
medrted  by  the  oryd-nmowiroevo  gyano  receptor 
(SSGR )  a  excusBcr  y  neurctransm»cn  t  ft  ouch  the 
glyane  roccctcr  cr,  the  NMDA  roceptor  oomple>: 
SSGR8  are  located  predommartly  in  me  spinal  cord 
and  brenstem  and  aro  a  cool  v  acsoaaeod  w.m  the 
r»ei/cnal  GlyT-2  tranaperta,  whereas  GlyT-1  is 
distributed  mc*e  widely  in  the  CNS  and  may  play  a 
rcie  in  centreing  glycme  conoenrabons  r  me 
nonity  of  NMDA  receptcrs  GlyT-1  exists  as  4  «> 
forms,  dee  grated  a  b.  c.  and  d.  which  arise  from 
the  use  d  aftomato  promoters  or  as  sphoe  van  arts 
We  describe  here  the  tn  mo  characterisation  cf  a 
selective  GtyT-1  inhbitcr 


Methods 

•  Glyane  uptake  assays  were  performed  usng 
CHO  cells  3 ably  transfected  w>m  hGlyT-lb  cr 
hGlyT-2  Cells  were  grown  m  96  wel  mcrclbe  pie 
tee.  washes  with  Hanks  Baar>ced  Sal  Scfubcn 
(HBSS  >  to  remove  cJIuro  medium  then  inbbition  cf 
pHJ-glyona  uptake  was  detomned  in  tte  presence 
d  varying  concert rabens  of  Org  24508  or  aarooame 

•  :  :  .  .  -  -»  -r  :  ■  . .  •. 

action  with  SSGR  a  me  NMDA  glyane  coagarvsi 
9ie  were  pert  ermed  uang  t  a  spine  and  bran  mem¬ 
brane®  ond  pMfSrychrme  at ’MfMDi  105.519 
respect  rely 

•  Uptake  assays  fa  noradrenekna  dopemne  sero¬ 
tonin  and  GABA  ufilaod  synaptosomal  preparascnc 
from  rat  bran  and  Ihe  carespcndrg  (VlJ-labeled 
transnatter 

•  Pctenbal  fa  irtereaion  with  «Atyp*e  cf  dopami¬ 
ne.  96rctcnn  and  naajtenaiine  reosptas  was 
asnessod  n  rwSciignnd  txndng  expenmorts  usng 
hetadogcusty  expressed  reoeptas  a  rat  bran  pre¬ 
parations 

•  ,  .  ..  ,.  ; 
cons  exproosng  hGlyT-lb  with  (-'H} glyane  fa  30 
minutes  befae  expeote  to  odd  pyane  a  Crg 
24596  RodiDoaivty  remaning  n  the  cell  mendoyw 
was  then  determined 

•  Knefics  d  irtvbition  were  determned  by  ocn- 
structing  sataaocn  arves  in  the  presence  cf  Org 
24598 (OC&iM-liiM)  Reeutryj  kw  and  V^„  vduas 
were  used  to  den  ve  eaimates  c#  tn#  ir#»bi6<n  con¬ 
stants 


iXl'-lV 


3.  Affinity  al  otherTransporiers  and 
Receptors 

rrerepowre  Ku  mreyeon  p«i 

wmrelv  •*  («,».  .It  «x.  P|.  p,)  .5 

Ocrwwww  ■*  ['fwnre  (Ojj.  OO  *5 

Swxrwwi  4  3  SwuavmSMTtj.  j*x  tr)  -5 

OkBA  <4 

Or»  M194  m  •Ho  iowm  fcv  tmn y  tf  1«  pdcrtwi  bM>)ai 
tw^rta.  reuift)  n  ;-*<■»•  n<^tan  »nd 

■won  vtuKn  W*1iW  new  try  vqrtxtit  irtwvten 


Summary  of  Results 

•  Org  24598  u  a  mghiy  S444cfrr*  rweeorof  hGiyT-'  fi  wm 
r»yxftM  »<hcn  a  GlyT-2  The  corrpourd  a  a(pr<wm*«iy 
«oa«  mere  petorr  man  sreoane 

•  Org  34996  news  nor  mow  wgriicant  muoxnon  wan  trw 
1*4 DA  ^ynne  r*<«p4or  al  xtotomnwl  ii>  bmOng  sluSes 
usng  m*  imgviii  upr.3  lJH)MDO05519  A)v>.  no 
aptr«<aH*  d!«oc<rr4W  of  (e^-wytrmne  frem  nr  »pre 
menfirarwiwai  nored 

•  RaMMNavci-iMpMveimnroponmwwvnoimoMd 
ano  no  uynum  aflirey  lor  a  wie»  rang*  of  r«t*p«on  wa* 


•  Org  24998  don  nor  art  ai  •  MOtMai*  for OlyT-t fiend 
do*i  r.j»  pertcipito  ci  noionx-«x<narvg«  w*f>  glyone 

*  Org  24998  trewt  a  meed  mwory  proa*  n  mn  isooied 
lyttam 


Discussion 

• 

povrs  ra  ie  e«n  sham  H  t»  OtiKaay  iflodne  in  e  randy 
cf  reuoiogKai  <«nu*ons  rvaa snj  dopreiwsn  and  «(*«pay 
•  tn*  poisea*  or  QVT-1  and  nwOa  r*<4plort 

may  afford  an  rppomjrvry  tv  rrtti ny»  of  tho  irarepoter  to 
mren<*  nmda  roc«ptor  rune  lion  ihrougn  *ewn*d 
concentraacns  of  ire  oOfigarory  coegonm  gfycxio 


•  Tm  rrwonannrn  rray  har*  f*W»arx»  n  aeareumg 
n»pogMwn#l*rgK  hmamn  essoceted  w«h  psychosis 


Org  24598 


(♦)  N-UWhy1-N-|3-|(4-fi*lgor<rrmfiyl)pn««vo»y|-3-pn4nyl- 
pnWWytin*  i*Nim  sail 
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